There have arisen two schools of thought concerning the role of ethylene in fruit maturation: the classic view of Kidd and West (26) and Hansen (22) that ethylene is a ripening hormone, and a recent interpretation by Biale et al. (7, 3, 4) that it is a by-product of the ripening process. The original presentation of the by-product theory in this journal (7) was tempered with the reminder that 0.1 ppm ethylene may stimulate ripening, so that "in the absence of any information correlating the internal ethylene content with the rate of ethylene production, one can advance the argument that small quantities sufficient to induce ripening are produced prior to the rise of respiration, but measurable amounts are detected only after the onset of the climacteric." The development of highly sensitive gas chromatographic instruments makes it feasible to appraise critically those instances in whiclh fruits have been reported to produce ethylene not at all or only after the climacteric has started, and also to determine the content of ethylene witllin a fruit at the onset of the rise in respiration. Results of such experiments are reported in this communication, and they have a direct bearing on the problem of whetlher or not ethylene is a natural ripening hormone.
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Materials
.Mangoes (Magiiifera indica L., cv. Kent & Haden) were harvested in local orchards. The fruits used for each experiment were picked from the same tree on the same day and were all of about equal size and apparent maturity. Bananas (8) , it was necessary in every case to confirm that the gas was ethylene by pretreating a sample witl mercuric perchlorate reagent, bromine water. or aqueous base. Ethylene is removed completely by the first two reagents but not by the latter. Peak heights could not be accurately equated with ethylene quantity because both the size of the sample and the amount of ethylene contained in it affected the linearity of the calibration for ethylene. This diffictulty was not experienced with peak areas which were (letermined with a planimeter. As described previously (10, 9) , carbon dioxide was chromatographed onl a silica gel column (Davison, Grade 923, 100-200 mesh) and determined with a high sensitivity katharometer. Peak height was an accurate measure of the quantity of gas. However, it was necessary to standlardize the instrument daily as the silica gel gradually lost its absorbency, thus altering the calibration factor.
Sampling Internal Atmosphere: Samples of the internal atmosphere, obtained by momentarily immersing the fruit in water while 1 to 5 cc of air were withdrawn from its interior with a hypodermic syringe, were directly chromatographed. The sampling operation was quite simple except with bananas wvhose internal air could only be obtained from the area separating the skin and pulp.
-Determination of Gas Production: To deternmine rates of ethylene and carbon dioxidle production. A few hours after the fruits were harvested they containied (letectable ethylene. The internal ethylene content rose to 0.04 to 0.05 ppmll as the fruits entered their respiratory climacteric, and toward its peak there occurred an abrupt burst of ethylene evolution which coincided exactly witlh the period of rapid color development and fruit softening. Also evident was a characteristic dip in ethylene evolution almost concurrent with the respiratory maximum followed by the restoration of a high rate 1 day later. The internal concentration of ethylene is dependent upon the rate of ethylene production as woul(d be expected (figs 1 & 2) . For instance, with freshly harvested Kent mangoes the ratio ppm ethvlene per /4/kg/hr was 4.8: during the experiment it ranged from 3 to 7.7 and was at 2.8 on the last dlay. The magnitude of the variationi in this ratio suggests that the values for the internal ethylene determined at the start of the experiment vhen the measurements had of necessity to approach the limit of sensitivity of the assay system were fairly accurate (anid certainly could not be in error bv a factor of 2). Therefore, it can be confidently asserted that between 0.02 and 0.08 ppm ethylene is present in the fruit at the onset of the climacteric. and it is important to determine if this range of concentrations has any physiological significance for mangoes.
Although numerous reports indicate that applied ethylene hastens the ripening process in mangoes (7. 36, 25) , there lhave previously been no attempts to determine the quantity of ethylene required. About two hours after harvest five pairs of mangoes were subjected to the following treatments with ethylene:
A, complete aeration, B, 0.04 ppm, C, 0.4 ppm, D, 4 ppm, E, 40 ppm. Each day while the chambers were being aerated the respiration of the fruits was determined, care being taken to ventilate the tissue for at least an hour before the start of the determination in order to avoid an error due to outward seepage of accumulated carbon dioxide. The treatment with ethylene was terminated after 5 days, but respiratory measurements were continued until the last fruit had passed through its climacteric. All the concentrations of applied ethylene except 0.04 ppm stimulated the respiratory rate and hastened ripening ( fig 5) . Coloration and softening always occurred just prior to the peak in the clinlacteric, and were accompanied by an equally high endlogenous rate of ethylene synthesis in every instance. Because of certain experimental details, the case in which the fruit w-as treated with 0.04 ppm ethylene requires special commiient.
The aerated mangoes were confined daily to determine their rate of ethylene production (see fig 1) and it was necessary in the course of the measurements to allow the fruits to raise the ambient ethylene concentration to a detectable level (0.04-0.07 ppm).
On the other hand, (luring the treatment of fruits with 0.04 ppm ethylene some evolved gas accumulated, but at the endl of the 1st day the gassing chamber contained only 0.05 ppm ethylene. The net result is that for at least a few hours each day the aerated tissue contained a higher internal concentration of ethylene than the fruits treated with 0.04 ppm. It slhould be noted in figure 5 that except for the first few days the fruits exposed to 0.04 ppm ethvlene lagged behind the controls in their respiration rate.
This may be due to the slight accumulation of carbon dioxide in the gassing chamber, although it is important to realize that even completely aerated preclimacteric mangoes contain between 3 an(d 4 (24) shows that in the range from 1 to 100 ppm ethylene (1,000 ppm is supra-optimlal) the respiration rate 24 and 36 hours after treatment is proportional to the log of the quantity of ethylene applied to the tissue. VVorking with avocados, Biale (3) found that concenitrations of ethylene between 0.1 and 1000 ppm shortened the time which elapsed before the onset of the respiratorv rise. His (20) andl potatoes (29) are very small. Tn these cases low concentrations of applied ethylene regulate the initensity of the respiratory miaximum w-hich they induce, and, therefore, it is unlikely that the respiratorv rise is acconiipaniedl by a substantial increase in the rate of ethylene prodluction. Possihly differences in the response of climiiacteric and(l nionclimacteric fruits to applie(d ethylene reflect onlv their relative abilities to produce the gas.
If ethylene accumiiulates within a preclimacteric fruit to a concentration wlhiclh can be shown to hasten the respirationi and ripeniing of that fruit, it followvs that the gas functions as a natural ripenling hormone. Clearly in the case of bananas tllis prerequisite is Fig. 5 ( ipper left) satisfie(l anid the gas is a normnal an(l perhaps malndatory stimlulus for the ripeninlg process. The minimlum dosage of ethylene which hastens ripening of Gros Michel banainas is between 0.1 an ( 1 ppm (29, 3) . The nmeasurements summar-izedl in figures 1 an(d 2 reveal that the fruit mlaintailns a minimum stimulatory level of ethylenie (ap)roxiin1ately 0.1 ppm) until the day prior to the climlacteric rise at w-hiclh time anl increase(l rate of synthesis causes the concentration to excee(l the imiaximiial stimulatory level of 1 ppnm. Accordling to Lyons et al. (28) cantaloupes are similal to bananas in that their internal colntenit of ethylene rises from a (Iuasi-stimulatory preclimacteric level (ablout 0.05 ppmi) to a stimulatorv level (>0.1-1 ppm) prior to or coincident with the climacteric rise in respiration. While in both of these cases, optimal stimiiulation by ethylene occurs almost coincident with the onset of the climacteric, it is notewortlhy that the etflylene contailned prior to that time probably exerts an effect andl may be an important factor (leterulining w-heni the cliinacteric is initiated. The relationslhip between ethylene and the ripening of certain tropical fruits is not so clearly (lefined. Biale et al. (7) nloted that ant abrupt increase in the rate of ethylene synthesis did not accompany the beginning of the climacteric in cherinmoyas aln(d feijoas, although eventuallv the ethylene pro(luction diid increase rapidly to a high level. The patterns of ethylene production anll respiration illustrated in figures 1 and 2 indicate that mangoes also are representative of this category of fruits. Although the approxim--ately 0.05 ppm ethylene containied in a mango at the time of the preclimacteric respiratory minimum suffices to influence the fruit's nmetabolism, it is important to note that only slightly smaller amlounits wvere present shortly after harvest. Recalling that the efficacy of ethylenie is a log function of the gas concentration, it is (lifficult to ascribe the initiation of a metabolic change as profoundl as the onset of the climacteric in malngoes to less than a twofold increment in ethyilenie content. To do so wouldI be to place extremely hiigh demand(ls on the processes controlling the rate of ethylene production in immature fruits, for otlhervise any inordinfatelv hiigh fluctuation in some environmental factor such as temperature might prematurely initiate fruit ripening. The small amounit of ethylvene containedI in freshly harvested mangoes must start the fruit toxx ard its climacteric, and the additional ethylene which accumiulates during the early stages of the respiratory rise may further accelerate the process. This hypotlhesis is supported by the d(emonstration that manigoes miiay be hastene(d to ripen by ethylene applie(d several (lays after the climacteric has begun. Simiilar behavior could not be demonstrated easily in those fruits Nx'hose rate of ethylene production increases abruptly coilncident with the onset of the climacteric because thev very quickly-acquire an optimal dosage of ethvlene due to their own metabolism. This almlost certainlv is the basis of the observation that ethlylene is without effect on most fruits if it is aplpliedl after ripening has commiieniced, from which it has been inferred that a critical triggering concentration of ethylene is required to produce a response. Attempts to measure the minimilunm dosage of ethylene which affects various tissues have yielded the results sutimmarized in table III; witlhout exception these values fall in the range between 0.025 and 1 ppm, witlh an average lowver limit of about 0.1 ppm. However, the experimentally (lerived threshold for many fruits may be as indicative of the endogenous content of ethylene within the tissue as it is of the sensitivity of the tissue to the gas. Because the response of a fruit to ethylene is related to the log of the gas concentration, and since the internal content of ethylene will be augnented by approximately the concentration of gas maintained in the ambient atmosphere, it follows that a response can not be demonstrated easily unless the applied concentration equals or exceeds that within the fruit. This is borne out by the behavior of bananas, cantaloupes, and mangoes because in all three cases the mlinimum concentrationof applied ethylene which effects the preclimiiacteric fruit is nearly equal to the internal concentration within the fruit at that stage of development. Estimating the threshold sensitivity to ethylene as 0.1 ppm and using the conversion factor 2 pprm per dl/kg/hr, it is possible to reappraise much of the existing information concerning the relationship between ethylene production and fruit respiration. In all cases it appears that a significant accumulation of ethylene precedes or coincides withl the onset of the climacteric:
Nelson's data (32) (7) could find any indication using a bioassay that sound oranges produced ethylene in air, although Valencia oranges kept in 100 % oxygen produced the gas at a rate of about 2 il/kg/hr (7) . It was suggested (7) that the bioassay is unreliable in a closed system such as that used by Miller et al.,
and that Hall's permanganate reduction method is non-specific, so that in neither case was there an adequate demonstration of the production of ethylene by intact citrus fruits in air. Moreover it is essential to prove that the fruit is free of mold since at least one common contaminant, Penicilliuim digitatum, produces abundant quantities of ethylene (5, 31, 44) , and citrus fruits infected with this organism evolve large amounts of the gas (20, 31) . Measured by gas chromatography, the rate of ethylene production of Valencia oranges in air was 0.02 to 0.06 Al/kg/hr, which agrees well with the values reported bv Hall. As the oranges were discarded in a sound condition 1 week after the experiment was terminated, and since they maintained a fairly uniform rate of ethylene production over the course of several days, it is unlikely that fungal contamination contributed to the results.
Since both fully mature lemons and limes also contained and evolved ethylene, the gas is a common metabolic product of citrus fruits. Lemons maintained in oxygen concentrations higher than air pass through a respiratory climacteric, whereas in air or lower oxygen concentrations the respiratory rise is suppressed (6) . This is a significant observation in view of the inordinately high rate of ethylene evolution reported for oranges kept in 100 % oxygen (7) . Since as little as 0.025 to 0.05 ppm ethylene will hasten ripening and induce a climacteric in lemons, the fruit must normally contain even lower concentrations of the gas. However, if the lemon, like the orange, responds to elevated oxygen tensions by increasing its ethylene production it follows that such treatment might easily raise the internal content of ethylene to a stimulatory level.
Conclusions
Porritt's comprehensive review (33) of the role of ethylene in fruit ripening cited numerous examples in support of the concept that ethylene is a ripening hormone, and it is noteworthy that at the time (1951) there was no mention of the converse point of view.
Shortly thereafter the behavior of several fruits was reported to be in discord with the hormone theory (7) and it was concluded that ethylene might be a byproduct of fruit metabolism (7, 3, 4) . Subsequently, this controversy has been a recurrent theme in discussions of post-harvest physiology (41, 3, 4, 34 
